Weapons of mass destruction (WMD) detection systems are typically based on sensing fissile materials (capable of sustaining nuclear fission chain reactions) using gamma rays or neutrons. 1-4 Current WMD detection methods, however, have limited distances over which they are effective. Moreover, variable environmental conditions (e.g., humidity and temperature) can affect the detection range and limit it further. In addition, radiation related to gamma rays can be easily shielded by high density and atomic number materials such as lead, thus making these detection systems redundant. 5, 6 Alternative methods for remote detection of concealed WMD use hyperspectral imaging (HSI) and wideband (WB) data, which reveal information about the surface and the content of the objects, respectively. 7, 8 Radiation in the visible-near-IR and in the short-, mid-, and long-wavelength IR ranges are all used in this HSI data. The analysis of WB data focuses on the difference in the rate at which electromagnetic waves penetrate different materials. High-frequency waves are absorbed more easily than low-frequency waves, which facilitates object recognition.
Weapons of mass destruction (WMD) detection systems are typically based on sensing fissile materials (capable of sustaining nuclear fission chain reactions) using gamma rays or neutrons. [1] [2] [3] [4] Current WMD detection methods, however, have limited distances over which they are effective. Moreover, variable environmental conditions (e.g., humidity and temperature) can affect the detection range and limit it further. In addition, radiation related to gamma rays can be easily shielded by high density and atomic number materials such as lead, thus making these detection systems redundant. 5, 6 Alternative methods for remote detection of concealed WMD use hyperspectral imaging (HSI) and wideband (WB) data, which reveal information about the surface and the content of the objects, respectively. 7, 8 Radiation in the visible-near-IR and in the short-, mid-, and long-wavelength IR ranges are all used in this HSI data. The analysis of WB data focuses on the difference in the rate at which electromagnetic waves penetrate different materials. High-frequency waves are absorbed more easily than low-frequency waves, which facilitates object recognition.
The stages of our proposed WMD detection method, using HSI and WB data, are illustrated in Figure 1 . We first process HSI data to estimate the presence of WMD and subsequently confirm the possible detection using WB data. 8 We have also performed simulations of the detection process to better understand the procedure of WMD detection based on HSI imaging and WB technology, and the impacts of environmental conditions on WMD detection.
In our simulations, the target objects are modeled as having different layers with variable thicknesses and compositions. The different materials can be detected by altering the center frequency and power of the WB signal. In an example simulation scenario, a WMD encased in steel is inside a wooden box in the back of a truck and the target is 1km from the detection system. We performed the simulations under the same environmental 10  53  100  48  200  42  300  41  400  40  500  39  600  38  700  37  800  37  900  33  1000  33 conditions (e.g., fixed temperature) and assumed that the target material was unknown. First, we processed the HSI data to estimate the presence of the truck and the box in which the example WMD is contained. The wooden box is detected in the 0.7-1.34 m wavelength 
Figure 1. Schematic of the proposed weapons of mass destruction (WMD) remote sensing detection method, using hyperspectral imaging (HSI) and wideband (WB) data processing.
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Figure 2. Calculated return loss (RL) and values from a WB library for different materials. The calculated return for this simulation is a close match to the signal expected from a steel target.
range. We then attempted to identify the steel target using the WB signal, with a period of 100ms, by varying the center frequency from 1MHz to 1GHz. The return loss (loss of signal power after a reflection) can then be used to determine the nature of the target material. We calculated the values of return loss at selected frequencies (see Table 1 ). In addition we calculated the thickness of the target for different materials in a WB library (see Table 2 ) by considering the conductivity, permeability, permittivity, intrinsic impedance, and attenuation constants at the selected frequencies. The target material can therefore be identified by comparing the calculated and library values for the return loss (see Figure 2) . The return loss values we calculated in our example simulations are close to the library values for steel.
Concealed WMD are very difficult to detect remotely using current systems. Our proposed method, however, can be used to estimate the presence of WMD as the shields can be detected. We are continuing to perform simulation experiments, refine our methodology, and develop our parameter libraries. We are planning to build a specific prototype system in upcoming years. 
